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Abstract 
A monolithic integrated bimaterial micro-cantilever resonant infrared sensor with on-chip auxiliary circuits was 
fabricated and tested. Surface micromachining method for cantilever fabrication has been merged with conventional 
CMOS process, and release of MEMS structure is conducted after CMOS process. Both the Cr/Au felling off the 
polysilicon cantilever during releasing process and the performance degradation of MOSFETs manufactured by 
standard CMOS or post-CMOS process are ascribed to the additive effects of hydrogen and mechanical stress. A 
novel post-CMOS process was raised to decrease the mechanical stress and to retain the metal layer of Cr/Au.  On-
chip digital/analog Bi-CMOS circuits function properly as demonstrated. 
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1. Introduction 
Uncooled infrared (IR) detectors are attractive for their superior performance, long lifetime, small size, 
and high reliability. Bimaterial cantilevers can be used as sensing element. The method of detecting the IR 
rays by tracking the resonant frequency of bimaterial cantilevers was reported in our previous work [1]. 
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However, ticklish problems exist due to parasitic capacitance when extracting capacitive change in 
capacitive-readout IR sensors. This problem can be resolved by full integration of the MEMS with signal 
readout circuits. 
   In this paper, monolithic integrated bimaterial micro-cantilever resonant Infrared (IR) sensor with on-
chip auxiliary circuits was fabricated and tested. Surface micromachining method for cantilever 
fabrication has been merged with conventional CMOS process, and release of MEMS structure is 
conducted after CMOS process. However, the experimental results are not satisfactory. Both the Cr/Au 
falling off the polysilicon cantilever during releasing process and the performance degradation of 
MOSFETs manufactured by standard CMOS or post-CMOS process are ascribed to the additive effects of 
hydrogen and mechanical stress. To solve these problems, a novel improved post-CMOS process was 
raised to decrease the mechanical stress and to retain the metal layer of Cr/Au. Eventually, the on-chip 
digital/analog Bi-CMOS circuits, which were fabricated by the improved process, function properly as 
expected. 
2. The experimental comparison and the process-induced problems 
The surface micromachining process for cantilever fabrication has been merged with conventional 
CMOS process, and release of MEMS structure is conducted after CMOS process.  
 
 
Fig. 1: Fabrication process of monolithic integrated CMOS-
MEMS sensor array. (a) 1#, 3# chips for comparison;  
(b) Improved process for 4#. 
 
Fig. 2: (a) On-chip drive circuits. (b) On-chip readout circuits; 
(c) MEMS area; (d) Released comb structure; (e) The pad after 
10min releasing; (f) IR sensor array after 15min releasing. 
 
For the study of process-induced effectsˈthe CMOS circuits were manufactured by different process 
steps for comparison (Fig. 1(a) and Table. 1): 
x Firstly, all chips were fabricated by Bi-CMOS Process, which contains the Standard CMOS Process: 
Active area formation, threshold voltage implantation, LOCOS isolation, gate oxidization, poly gate 
patterning, NMOS source/drain implantation, and LPCVD of the SiO2 passivation film.  
x Then the chips 2# and 3# were conducted MEMS Processes: LPCVD Si3N4 film as the mask of 
structure releasing. A PSG sacrificial layer was deposited and patterned for anchor and dimple, which 
was followed by poly-Si structure layer deposition, p+ doping and annealing at 950°C for 10 min. The 
PSG pattern mask for chip 3# is designed for removing the PSG right above the MOSFETs area, 
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which is different from the mask for chip 2#.  After that, bimaterial cantilever was formed by lift-off 
after sputtering the Cr/Au film. Finally the poly-Si ASE is performed to form the final structure.  
x Afterwards, metallization is carried out to all the chips: Si3N4 films are patterned and etched for contact. 
SiO2 films are etched by RIE.  
x Finally, the sacrificial layers of chip 2# and 3#   were released by BHF. 
By comparing the experimental results, the hydrogen and stress caused problems were found emerging 
both in MEMS structure area and MOSFET devices area. The hydrogen and stress induced Cr/Au 
deformation and cracking and the peeling-off of polysilicon cantilevers were observed during releasing 
process (Fig. 2), which are due to the combined result of galvanic corrosion [2] and stress corrosion [3]. 
The stress together with hydrogen will speed up corrosion and lead to Cr/Au falling off, which explains 
the phenomenon that the peeling-off takes placed on the cantilever covered with 7um wide Cr/Au but not 
on the anchored polysilicon with 4um wide Cr/Au layer or a 90×90 um2 pad (Fig. 2 (f)).  
The IC parameter measurement shows MEMS-process-induced performance degradation, including 
Vth increasing by 77%, Gm rising and drain current decreasing for NMOS, and a contrary trend for 
PMOS (Fig. 3 and Fig. 4). This serious degradation damaged IC circuits and made them useless. An 
additive effects combining the hydrogen diffusion and the mechanical stress effect can explain this 
phenomenon [4, 5], which is caused by mechanical stress-enhanced hydrogen diffusion from Si3N4 into 
the gate oxide during high temperature annealing. 
 
 
Table 1: Different process for comparison. 
Fig. 3: Measured transfer characteristics of NMOS. 
 
 
NMOS
Before Annealing After Annealing
(a) (b)
PMOS
Before Annealing After Annealing
 
Fig. 4: Measured Id and Gm of MOSFETs. 
 
Fig. 5: 2D process simulation by SentaurusTM.  
  
Fig. 6: Oscilloscope waveforms of on-chip digital circuits.  
(a) Frequency divider; (b) Inverter. 
Fig. 7: Measurement of on-chip Bi-CMOS operational amplifier 
circuit. 
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To solve the hydrogen and stress problems, a novel post-CMOS process was raised, which includes 
extra process steps of selectively removing silicon nitride capping layer before 1hour@1000°C MEMS 
annealing for stress control and coating photoresist protection to preserve Cr/Au by disconnecting the 
electrochemistry loop (Fig. 1 (b): 
x CMOS steps: Fabricated IC circuits by Bi-CMOS Process and LPCVD SiO2 passivation film.  
x MEMS steps: LPCVD Si3N4 film; Sacrificial layer of PSG was deposited, patterned and etched, 
followed by selectively removing silicon nitride capping layer; LPCVD poly-Si structure layer, p+ 
doping and annealing at 1000°C for 1hour. After that, bimaterial cantilever was formed by lift-off after 
sputtering Cr/Au film, followed by patterning and ASE the poly-Si to form the final structure.  
x Metallization steps: SiO2 films are removed for contact. Then Al was sputtered and etched by AME. 
x Release steps: After coating photoresist protection to preserve Cr/Au, the sacrificial layer was released 
by BHF. 
The improved processes, which contain CMOS and MEMS process steps, were assessed by process 
simulation with results shown in Fig. 5. Annealing 1hour@1000°C will induce doping concentration 
changes (Fig. 5(a)) and Id-Vd characteristics shift (Fig. 5(b)). 
After experimental verification, the results demonstrate improvements regarding to IC degradation, 
since the high mechanical stress sources and the hydrogen diffusion source were removed. The Cr/Au 
corrosion was slowed down, because the stress on the moveable polysilicon was relieved by 1 hour 
MEMS annealing. On-chip digital/analog Bi-CMOS circuits function properly as expected and can meet 
the resonant IR sensor’s requirement (Fig. 6 and Fig. 7). 
3. Conclusion  
For the fabrication of monolithic integrated CMOS-MEMS micro-bimaterial cantilever sensor. The 
process-induced stress and hydrogen effects were studied. The Cr/Au felling off during releasing process 
and the performance degradation of MOSFETs are ascribed to the additive effects of hydrogen and 
mechanical stress. To solve these problems, a novel post-CMOS process was raised, which includes extra 
process steps of selectively removing silicon nitride capping layer before 1hour@1000°C MEMS 
annealing for stress control and coating photoresist protection to preserve Cr/Au by disconnecting the 
electrochemistry loop. On-chip digital/analog Bi-CMOS circuits function properly as demonstrated. 
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